Omega-3 fatty acids are a family of polyunsaturated fatty acids (PUFAs) with beneficial health effects to humans if consumed in required amounts. Fatty fish species are known to be rich in marine-based omega-3 fatty acids, eicosapentaenoic acid (EPA, 20:5n-3), docosahexaenoic acid (DHA, C22:6n-3) and docosapentaenoic acid (DPA, C22:5n-3). Sardines (Rastrineobola argentea) from Lake Victoria are a good source of health promoting omega-3 fatty acids. Open sun drying is a common and traditional sardine processing and preservation method. Due to their chemical instability omega-3 fatty acids in sun dried sardines are prone to lipid oxidation during processing and subsequent storage. This study investigated the use of clove (Syzygium aromaticum) water extracts as natural antioxidants to protect omega-3 fatty acids against oxidative damage during storage of sun dried sardines. Lipid oxidation was assessed by peroxide value, volatile secondary oxidation products and fatty acid profiles. The antioxidant capacity of extracts was evaluated by total phenolic content, 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and iron (Fe 2+ ) chelating ability. Clove extracts resulted into significantly higher retention of total
Introduction
Omega-3 fatty acids are a family of polyunsaturated fatty acids (PUFAs) that have a double bond on the third carbon from the omega (ω) position of the carbon chain [1] . Omega-3 fatty acids attract great attention because of their beneficial health effects [2] [3] [4] . Studies have shown that omega-3 fatty acids may play a role in prevention of cardiovascular diseases, reducing inflammation, illnesses such as high blood pressure, atherosclerosis, thrombogenesis, cancer, skin diseases and have been found to be necessary for the brain development in fetuses [5, 6, 7] . There are several sources of omega-3 fatty acids including fishes. In particular, fatty fish species are known to be rich in marine-based omega-3 fatty acids, eicosapentaenoic acid (EPA, 20:5n-3), docosahexaenoic acid (DHA, C22:6n-3) and docosapentaenoic acid (DPA, C22:5n-3).
Rastrineobola argentea (sardines, popular as dagaa in Tanzania) is one of the three leading commercial fish species of Lake Victoria, together with the Nile perch (Lates niloticus) and Nile tilapia (Oreochromis niloticus). The freshwater fatty dagaa are a richer source of omega-3 PUFAs than Lates niloticus and Oreochromis niloticus [8, 9] .
Sardines have high crude protein content (47.9-58.8%), rich in iron (8.18-10 .91 mg/100 g), zinc (4.07-10.25 mg/100 g) and calcium (1556.4-1866.5 mg/100 g) [10] . The stock of sardines, given by its biomass and catches, has increased steadily in the last ten years, being the largest fishery by volume with contribution of about 72% of the total catch weight in the Lake. Its annual biomass in the Lake is estimated at over 1.3 million tonnes. The rapid growth and short life cycle of sardines allow their utilization at an annual level of 70% without overexploitation [11, 12] .
Despite its economic and nutritional value sardines are perceived negatively and considered as an inferior food for poor and pro-poor communities. This may be attributed to poor handling and processing technologies along the sardine value chain. The low cost, low-technology and weather dependant open sun drying is the dominant method used for processing and preservation of sardines. The method result into oxidized products [9] with characteristic off flavours, which discourage consumption of dry dagaa and limit product diversification. Chemical indicators show that lipid oxidation reactions are pronounced in sun dried dagaa with production of secondary oxidation products beyond acceptable levels [9] . Furthermore, changes in lipid contents associated with significant decrease in omega-3 fatty acids in sun dried dagaa occur during storage.
The drawback in protection of omega-3 fatty acid during processing and storage of omega-3 rich products like sardines is that PUFAs are readily oxidized in the presence of oxygen, heat, light, and metal ions [13] [14] [15] . Oxidation of PUFAs, such as EPA and DHA not only results in nutritional loss and offensive odours due to formation of volatile secondary oxidation products, but is also a safety concern [16, 17] . Commercially available synthetic antioxidants like butylated hydroxytoluene (BHT), tert-butylhydroquinone (TBHQ) and butylated hydroxyanisole (BHA) are commonly used to hinder lipid oxidation in food systems. Conversely, there are studies questioning their application in foods due to their potential carcinogenic effects and toxicity [18] [19] [20] . Due to safety concerns and increased consumer interest in natural products, efforts are directed to replacing synthetic antioxidants with ones of natural origin.
Clove is among spices with potential to protect PUFAs against oxidation because they contain anti-oxidative compounds (e.g. polyphenols and flavonoids) that may exert anti-oxidative effect by different mechanisms like scavenging of free radicals, singlet oxygen quenching, oxygen scavenging, metal chelation and inhibition of oxidizing enzymes [21, 22] . The major phenolic compounds in clove are phenolic acids such as flavonol glucosides, phenolic volatile oils and tannins, recovery of which is highly dependent on extraction conditions, type of solvent and extraction method [22] [23] [24] . Previous studies have shown that successful recovery of phenolic compounds from plant matrices by aqueous extraction depend on factors such as temperature, extraction time and solvent to solid ratio [25] . Elsewhere, the clove water extract has been found to contain substantial amounts of phenolic compounds and powerful antioxidant activity in linoleic acid emulsion [26] . Clove water extracts are reported to result in improved retention of nutritionally valued long chain PUFAs DHA, EPA and DPA during open sun and oven drying of sardines [27, 28] . The aim of the current study was to evaluate the efficacy of clove (Szygium aromaticum) water extracts in protecting omega-3 fatty acids during extended storage of sun dried sardines.
Materials and Methods

Materials
Fresh whole dagaa (20 Kg) were collected directly from fishermen at Kijiweni landing site at the shore of Lake Victoria, Tanzania. The dagaa were placed in ice in insulated boxes and immediately transported to the National Fish Quality Control Laboratory, Nyegezi, Mwanza for experiment. Dry clove (Szygium aromaticum) buds were obtained from a local market in Zanzibar, transported at ambient temperature to Mwanza and kept at 5 to 10°C in a refrigerator.
Preparation of clove extracts
For water extraction, 5, 10 and 20 g grounded powder (to pass through a 250 µm sieve) of clove buds were mixed with 1 L boiling water with continuous stirring to make 5, 10 and 20 gL -1 concentrations of clove extracts. The mixtures were boiled for 15 min and subsequently cooled to 0 to 5°C in a refrigerator thereafter gravity filtered to remove the particles present.
Preparation of sun dried dagaa
For each concentration of clove extract, 1 kg of dagaa (wet basis) was blanched in boiling water for 10 sec.
Blanched dagaa were soaked in cooled clove extracts (1:1 w/w) for 40 min. at room temperature. After that, the fish were removed from the extracts, spread on wire mesh and sun-dried on raised platform as traditionally done by the local fish processors. Dagaa samples without clove pre-treatment were prepared in a similar way and used as control. All samples were packed in polyethylene bags each containing 200 g fish and stored in temperature controlled room at 25°C for 30 days. Analyses were done at the start (day 0) and the end of storage experiment (day 30). The room temperature was monitored by using Tinytag temperature data logger (Gemini data loggers Ltd, West Sussex, UK). For each treatment 100 g portion of whole fish was made into mince using a mixer (Moulinex Moulinette S type 643 02 210, Hamburg, Germany) for analysis.
Methods
Dry matter content and lipid extraction:
The dry matter content for fish and clove powder samples was determined by weighing after drying a sample of approximately 2 g of homogeneous fish mince and powder at 105°C for 18 h according to the AOAC [29] and results expressed as a percentage dry matter. Lipids were extracted following the Bligh and Dyer method [30] with described by Hartvigsen et al. [32] . For the quantification, a stock solution of 19 volatiles was prepared and a calibration curve was conducted in a range from 0 to 1.2 mg/g. The analysis was carried out in triplicate.
Free fatty acids and fatty acid composition (Fatty Acid Methyl Esters, FAME): Free fatty acids (FFAs)
content was determined by acidometric titration of the lipid extract using NaOH (0.1 M). The FFAs content was calculated as oleic acid according to the AOCS [33] and the results were reported as % oleic acid. The fatty acid composition of the oil phase was determined after fatty acid methylation and analysis by GC-FID according to the American Oil Chemists' Society (AOCS) official method; Ce 1i-07 [34] with some modification as follows. 
Antioxidant Activity of Clove Water Extracts:
Total phenolic content:
The total phenolic compounds of the extracts were determined using Folin-Ciocalteu reagent by a procedure described by Farvin and Jacobsen [35] in which gallic acid was used as a standard.
The standard curve was prepared in distilled water at a concentration range of 0-125 µg/mL. The original extracts were diluted with water as necessary to fit within the standard curve. The absorbance was read at 725 nm using UVvis spectrophotometer and results reported in µg gallic acid equivalent (µg GAE)/mL of clove water extracts. All measurements were performed in duplicate.
Free radical scavenging ability:
The free radical scavenging activities of clove water extracts were measured by utilizing the stable radical, 1,1-diphenyl-2-picryl-hydrazil (DPPH) as described by Yang et al. [36] . DPPH solution + 100 µL BHT) was measured at 517 nm against a reagent blank by using a UV-V is spectrophotometer. The scavenging activity was calculated as inhibition percent by using the following equation:
Where A s is the absorbance of DPPH after reaction with antioxidant, A 0 is the absorbance of antioxidant and ethanol (blank) and A b is the absorbance of water and DPPH (blind).
Iron (Fe 2+ ) chelating ability:
The ferrous ion chelating activity of clove extracts was measured as described by Farvin et al. [37] with 20 µL of 0.5 mM ferrous chloride and 20 µL of 2.5 mM ferrozin being mixed with 100 µL of clove extracts. The mixture was allowed to equilibrate in the darkness at room temperature for 10 min before measuring the absorbance. The decrease in the absorbance at 562 nm of the iron (II)-ferrozin complex was measured. EDTA was used as the positive control and the ability of the extracts to chelate Fe 2+ was calculated using the equation:
A blank is the absorbance of blank (only iron chloride and Ferrozin), A sample is the absorbance of sample and A blind is the absorbance of blind (only antioxidant).
Statistical analysis
Data were analyzed using IBM SPSS (SPSS for Windows Version 20.0, 2013, IBM, Bethesda, MD, USA). Data were reported as mean ± standard deviation. Differences between means were determined using one-way analysis of variance (one-way ANOVA) with Tukey's HSD post hoc test, according to the equal variance of different groups. A p-value <0.05 was considered statistically significant.
Results and Discussion
Antioxidant activity of clove and seaweed water extracts
The clove (Szygium aromaticum) water extracts had total phenolic content in the range 18.18 to 28.75 µgGAE/mL ( Table 1 ). The 20 gL -1 extract had significantly higher total phenolic content than 5 and 10 gL -1 . This observation concurs with previous studies which showed that recovery of phenolic compounds from plant matrices by aqueous extraction depends on temperature, extraction time and solvent to solid ratio [25] . The DPPH of extracts was in the range 93 to 95% inhibition. The lack of linear relationship between total phenolic content and DPPH of clove extracts suggests that compounds other than phenolics (e.g. flavonoids) might have contribution to free radical scavenging activity of clove extracts. The DPPH decreased from 95.59 to 94.34% when the amounts of clove extracted in one litre of hot water was increased from 10 to 20 g. This could be due to decrease in extraction efficiency of clove phenolics in boiling water at concentration above 10 g/L as reported in another study [28] .
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Elsewhere, the clove water extract has been found to contain substantial amounts of phenolic compounds and powerful antioxidant activity in linoleic acid emulsion [26] . The Fe 2+ chelating activity increased (though not linearly) with the amount of clove powder extracted. The dependence of iron chelating capacity on concentration of clove water extracts and type of solvent used was reported by Gulcin et al. [26] . Essential oils of clove have been tested in omega-6 and omega-3 fatty acids enriched food supplements and found to have high iron-chelating properties and higher hydrogen donating power than the standard antioxidants BHT and α-tocopherol.
Extracts
Fat, free fatty acids and dry matter content
The dry matter content of clove was 86.40%, whereas the mean dry matter content of clove pre-treated sardines was 92.19% and there was no significant difference between pre-treated and control samples ( 
Primary and secondary lipid oxidation products
Both, at the start and end of storage experiment the control sample had significantly higher levels of hyroperoxides (indicated by PV) than the clove pre-treated samples ( Table 3 ). The PV among clove treated samples decreased as the amount of clove extracted in 1 L of water increased which shows the dependence of antioxidant activity on concentration of clove extracts. Concentrations of volatile secondary oxidation products after 30 days of storage are presented in Table 3 . The control samples had significantly higher concentrations of individual volatile compounds than pre-treated samples, indicating that oxidation of PUFAs was more pronounced in untreated sardines than in clove treated samples. From Table 3 it can be seen that concentrations of compounds such as 1-penten-3-ol, t-2penten-1-ol, Hexanal and 1-octene-3-ol in clove treated samples were approximately 50% less than in the control (untreated). This observation suggests that phenolic compounds in clove extracts were still active as anti-oxidants throughout the storage period. The compounds 1-penten-3-ol, 4-heptanal and t, t-2, 4-heptadienal are recognized as decomposition products of EPA and DHA [39] . Lower concentrations of such compounds in pre-treated samples imply that the nutritionally valued PUFAs DHA and EPA were protected against oxidative damage during storage. Clove water extracts have been reported to retard lipid oxidation during sun-dry processing of sardines resulting into lower concentrations of volatile compounds in dry sardines [27] . Phenolic compounds are known to exert anti-oxidative effect by different mechanisms such as scavenging of free radicals, singlet oxygen quenching, oxygen scavenging, metal chelation and inhibition of oxidizing enzymes [21, 22] . In literature, it has been reported that use of the whole spices and herbs or their extracts with strong antioxidant activity [40], can control lipid oxidation in muscle food such as mullet fish, frozen chub mackerel and smoked rainbow trout [41].
Compound
Polyunsaturated fatty acids
After 30 days of storage the retention of total PUFAs was significantly higher in clove pre-treated samples than the control ( Higher proportion of DHA, DPA and EPA in lipid fractions of clove treated sardine after 30 days of storage is an evidence of their enhanced oxidative stability in the presence of natural antioxidants in clove extracts. Of the three clove extract concentrations, 20 g/L is the best as it resulted in retention of higher amounts of both total omega-3 and omega-6 fatty acids. Antioxidant activity of clove water extracts is attributed to the presence of phenolic compounds with strong hydrogen donating ability, metal chelating ability and free radicals scavenging activity. Use of spices like clove as a natural antioxidant to protect lipids against oxidation in meat and fish oil has been demonstrated. Protective effect of clove water extracts against oxidation of polyunsaturated omega-3 fatty acids during oven and sun drying of sardines has been reported [27, 28] . Clove oil and clove water extracts are also known to have as strong peroxidation inhibitory effect as ethanol extract in linoleic acid emulsion [26] . Nevertheless, the major phenolic compounds in clove are phenolic acids such as flavonol glucosides, phenolic volatile oils and tannins, recovery of which is highly dependent on extraction conditions, type of solvent used and extraction method [22] [23] [24] . 
Conclusion
The present study evaluated the protective effect of natural antioxidants in clove water extracts against oxidation of omega-3 fatty acids in real food system (sun dried sardines) after 30 days storage at 25°C. Generally, clove treated sardines retained significantly higher amounts of total polyunsaturated fatty acids at the end of storage experiment.
The pre-treatment also resulted into lower amounts of volatile secondary lipid oxidation products. It was found that the chemically unstable omega-3 fatty acids DHA, EPA and DPA were retained in products, an evidence of their enhanced oxidative stability in presence of natural clove antioxidants in extracts. The small size and weight of sardine fish might have been a key to successful protection of omega-3 fatty acids. These findings would be of interest during incorporation of sardines into other food product formulation at industrial scale for product diversification. Nevertheless, for product diversification further investigation on possible alterations in products' sensory acceptability are needed.
